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Evangelist! (1951) using an ea 
the Bogoliubov and Krilov metho 
find that the amplitude of the 
not accurately predicted by Eva 
cause, when using that method, 
important non-linear term. 
When the effects of the damping at the 
restricted orifice are taken into account a 
stable limit cycle was found by Esoande (1952) 
just outside the stability domain; this bifur-
cates from the steady solution at the stability 
limit. We find that the stable limit cycle dis-
appears, at a certain distance from the stabile 
ity boundary, when it coalesces in the phase1 
plane Willi another outer, unstable, limit cycle-
This unstable cycle continues to exist in the 
stability domain, whare it corresponds to the 
one predicted by tvangelistt for the case 
without damping at the orifice of the surge 
tank, 
M u l t i p l e s c a l e t e c h n i q u e s can a l s o be used 
to d e s c r i b e t h e t r a n s i e n t s of t h e sys tem for 
am«ill v a l u e s of t h e o p e r a t i n g power of t h e t u r -
b i n o , when the e f f e c t s of f r i c t i o n in the; t u n -
ne l a r e s m a l l and l e a d t o slow changes i n t h e 
a m p l i t u d e of t h e o s c i l l a t i o n s of t h e w a t e r l e v -
e l . In t h i s c a s e n e g a t i v e v e l o c i t i e s w i l l a p -
p e a r in t h e t u n n e l when t h e sys tem i s s u b j e c t 
to f i n i t e p e r t u r b a t i o n s ! a n d , due t o t h i s f a c t 
t h e a m p l i t u d e of t h e o s c i l l a t i o n s s l o w l y de-
c r e a s e s t o z e r o in t h e s t a b i l i t y domain of t h e 
s t e a d y s o l u t i o n , o r s l o w l y changes t o w a r d a 
s t a b l e l i m i t c y c l e when o u t s i d e t h e same sta,-. 
b i t i t y domain . 
We f i n a l l y show how t h e a n a l y s i s can be 
T h i s work i s c o n c e r n e d w i t h t h e a p p l i c a -
t i o n o f t h e m u l t i p l e s c a l e s t e c h n i q u e s t o t h e 
a n a l y s i s of t h e o s c i l l a t i o n s o f t h e wa t e r l ev s j . 
in a s i m p l e t h r o t t l e d s u r g e t a n k , l o c a t e d be -
tween t h e r e s e r v o i r and t h e t u r b i n e s of a hydro,-
e l e c t r i c power p l a n t , when t h e t u r b i n e s a r e r e g -
u l a t e d t o g i v e c o n s t a n t p o w e r . B i f u r c a t i o n t h e -
ory and m u l t i p l e s c a l e s t e c h n i q u e s c(in be used 
to d e s c r i b e a n a l i t i c a l l y t h e b e h a v i o u r of t he 
s u r g e t a n k s y s t e m when i t o d e t e r m i n i n g pa rame-
t e r s t a k e value?! c l o u e t o t h o s e a s s o c i a t e d with 
the w a l l known Thorn a si a b i l i t y l i m i t of- the 
s t e a d y s o l u t i o n . 
Of t h e t h r e e p a r a m e t e r s t h a t d e t a r m i n y t h e 
b e h a v i o u r of t h n t ank on 1 v i w o , c h a r a c t e r i z i n i * 
the t u r b i n e powot1 and t h e c rour , ! ,«:( tonal nrea. 
of t h e l a n k , ur>« i n v o l v e d in t h e de to rmina t ion 
of 1 h o l i n e a r s t a b i l i t y d o m a i n . A t h i r d p.iram«s, 
t e r , mc i ' i in Inf, t lie damp i rip a t t h e n c . t r i r t eel 
o t i i i c e a t t h e l>a*;<> o! t h e t a n k , i e i m p o r t a n t 
in d e t e r m i n i n g t h e i r a n s i i ' T i t rohpori e to I i n i t <• 
pert u r b a t ion's a n d , a l s o , the s s t a h l e or une.tahlj» 
l i m i t c y c l e s , a p p e a r tup 1 h r o u p h b i f urea t ion of 
th» s t e a d y s o l u t i o n a t t h e s t a b i l i t y b o u n d a r y , 
that a r e r e p r e n e n t e d in t h e I haf.e p l a n e by 
c l o s e d o r b i t •! s u r r o u n d inp, t he ' s teady s o l u t i o n s , 
Khan t h e l i m i t c y < l e n a r e " . t a b l e t h e y r e p r e n c n r 
a p e r i o d i c r e s p o n s e of t h e nvfttem tl i . i t r e p l a c e ^ 
the s t e a d y s o l u t i o n when i t becomes: u u s t a b i a ; 
wlwi t h e eye 1 <is a r e u n . . t a l l e t h.ev d o t e i m i n e t) (a 
.llze of t h e f i n i t e i ei i in li«i font! ill a t in-airo 
the s t a b i l i t y o f t h e s t e a d y s o l u t i o n . 
f o r u r t t h r o e t i e d s u r f e t a n k s an u n s t a h l e 
f i n i t c y c l e was f o u n d , f o r p a r a m e t e r v a l u a s in 
til» s t a b i l i t y domain of t h e s t e a d y <so lu t ion , by 
"tojtUBKNOS Or THB NINtH OAN*«AN CONOMWt OTAPtUtB MBWANlOS 
ftmttk feNBUK BU NttMt** CON8B6S CANAOI W At- MWAWOUP AWMQUIfc 
extended to account for resonance effects as-
sociated with small oscillations in the tur-
bine power output. 
430 
